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Abstract In the present experiment, an effort was made
to explore the possibility of utilizing the organic residue i.e.
press mud and bagasse byproducts generated from sugar
industries to enhance the P uptake by different varieties of
wheat. The experiment was conducted with five varieties of
wheat (HD 2687, HD 2733, HD 2643, HD 2932 and HD
2894) and three levels of organic residue (a mixture of
press mud, bagasse and rice straw in 1:1:1 ratio) i.e. 0, 5
and 10 t/ha. The addition of organic residue had resulted in
the production of oxalic acid by the crop. Higher oxalic
acid content (9.21 lg/g) was produced by the variety HD
2687 at 60 days after sowing which resulted in the mobi-
lization of immobile soil P and helped in increasing the
uptake of P by the crop. The P uptake increased by about
77 % in the treatment that received the organic residue
applied @ 10 t/ha over control. It was concluded that
organic residue from sugar industries could be used to
utilize to mobilize the native soil P to overcome the
problem of phosphorus fixation in soils in future.
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Introduction
Phosphorus has been recognized as an important element in
plant nutrition [1]. Considerable research has been done
towards defining its chemistry in the soil system. Soils are
known to vary widely in their capacity to supply phosphorus
to crops, as only a small fraction of it in soil is in available
form to crops [2]. In addition to this, phosphorus occurs in
very low concentration in soil solution. Its uptake results in a
further decrease of its concentration in the soil solution near
plant roots [3]. As a result, phosphorus deficiency has
become a limiting factor in crop production [4] in agricul-
tural soils worldwide [5]. Phosphatic fertilizers are costly
and their efficiency is very low (15–20 %). A major portion
of added phosphatic fertilizer is either chemically fixed by
Ca, Al, Fe and Mg or strongly adsorbed on some soil com-
ponents. Huge amount of organic residues i.e. press mud and
bagasse are produced from sugar industries. Their disposal
has become a serious problem. Use of press mud and bagasse
and crop residue like rice straw, may be useful to overcome
the low efficiency of phosphorus. It has been reported that
decomposition of sugar rich substance bagasse and press
mud release organic acids and play an important role in the
mobilization of soil phosphorus [6]. Plant root activity par-
ticularly in rhizosphere has been reported to dissolve
unavailable form of P and thereby increase the availability of
P to plant. Exudation of organic acids from roots is consid-
ered to be one of the mechanisms for plants to adapt to
P-deficiency [7, 8]. The present study deals with the release
of oxalic acid from press mud and bagasse and its effect on
phosphorus uptake by different wheat cultivars.
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Materials and Method
The experimental soil was silt loam in texture belonging to
Holambi series, Typic Haplustept. Initial pH, organic car-
bon, available nitrogen, phosphorus and potassium content
were 8.2, 0.31 %, 180, 19.2 and 302 kg/ha, respectively.
The experiment consisted of five wheat varieties (HD 2687,
HD 2733, HD 2643, HD 2932 and HD 2894) having dif-
ferent yield potential and genetic characters (Table 1) and
three levels of organic residue i.e. 0, 5 and 10 t/ha. The
organic residue was prepared by mixing equal amounts of
press mud, bagasse and chopped rice straw. The organic
residue contained 1.1 % N, 0.2 % P and 0.3 % K and was
incorporated 15 days before sowing of the crop. Recom-
mended doses of nutrients (120 kg/ha N; 60 kg/ha P2O5,
40 kg/ha K2O) were supplied to the crop both from organic
residue as well as through inorganic sources i.e. urea,
single super phosphate and muriate of potash. The crop was
raised as per standard agronomic practices. Soil and plant
samples were taken at 15 days interval from 30 to 75 days
after sowing (DAS). Oxalic acid was extracted with
0.85 M NaF and was determined using high-performance
liquid chromatography (HPLC) with buffer solution of
0.05 M KH2PO4 [9]. The crop was harvested at physio-
logical maturity and dried in oven at 70 C and analyzed
for P content by yellow color method [10]. The experiment
was laid out in a factorial randomized block design and was
replicated thrice. The data was analyzed statistically and
critical difference was used to compare the treatment
means at 5 % probability level [11].
Results and Discussion
Secretion of Oxalic Acid
In the present study, different levels of organic residues
differed significantly in the release of oxalic acid content in
soil. The addition of organic residue increased oxalic acid
content from 2.54 lg/g in control to 6.78 lg/g in case of
10 t/ha (Table 2). It has been reported that the oxalic acid
is produced by the soil microbes after decomposition of
organic residue either by fermentation of sugar content or
starchy materials of the organic residue [12]. Aspergillus
niger, one of the most-used P solubilizers capable of pro-
ducing significantly high concentrations of citric acid when
grown on agro-industrial wastes [13]. The interaction
between added organic residues, wheat varieties, crop
growth intervals and residue levels was also significant.
The interaction between variety and crop residue was
maximum (8.79 lg/g) in 10 t/ha organic residue level in
variety HD 2687 and minimum (1.35 lg/g) in 0 t/ha
organic residue level in variety HD 2932. The interaction
between crop growth interval and crop residue was maxi-
mum (7.59 lg/g) in case of 10 t/ha level at 75 DAS against
(1.41 lg/g) in control (Table 3). Increased secretion of
oxalic acid with increase in crop growth interval has also
been reported earlier [14]. It is largely accepted that up to
20–30 % of total carbon assimilated by higher plants is
released in the rhizosphere as diverse exudates including
CO2 respired [15]. Varieties also had a significant effect on
secretion of oxalic acid in soil. The highest secretion of
oxalic acid was (6.53 lg/g) as seen in HD 2894 and lowest
(3.41 lg/g) in the variety HD 2932. Maximum oxalic acid
content (9.21 lg/g) was observed at 60 DAS in variety HD
2687 and minimum (1.98 lg/g) in HD 2932 with 45 DAS
(Table 4). The interaction among the varieties, organic
residue and time interval was also found to be significant
(Table 5). The highest oxalic acid content was recorded in
HD 2687 at 60 DAS in control and at 30 DAS at 10 t/ha
organic residues. Genetic characteristics of varieties affect
physiological appearance as well as biochemical reactions
in plants up to a certain limit only [16].
Phosphorus Uptake
The addition of organic residues significantly increased P
uptake by wheat varieties (Table 6). About 77 % increase
Table 1 Potential yield and genetic characters of the varieties
Variety Characteristics
HD 2687 It also called Shresth. Released by IARI New Delhi, Timely sown variety. Irrigated conditions of NWPZ region. It is bread
wheat variety suitable for North Western Plains Zone, normal sown. The average yield varies 38.2–41.9 q/ha
HD 2733 Bread wheat, suitable for North Eastern Plains Zone under normal sowing condition. The average yield from varies
40–42 q/ha
HD 2643 Bread wheat, suitable for North Eastern Plains Zone under late sowing condition. The average yield varies from
39.5–41.3 q/ha
HD 2932 It also called wheat PUSA 111. It proved to be the most widely adapted and stable variety in the entire area falling in the
central and peninsular parts of the country and exhibits high magnitude of adult plant resistance to leaf and stem rust
diseases. The average yield varies from 42–43.3 q/ha
HD 2894 High yielding variety for NCR Delhi. It is developed by IARI New Delhi. Average yield is 5.2 t/ha
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in P uptake was observed when organic residue was
applied @ 10 t/ha over control. The P uptake was 18.2,
22.5 and 32.4 kg P/ha in 0, 5 and 10 t/ha organic residue
level, respectively. The release of low molecular weight
organic acid anions from plant roots has been hypothesized
to be involved in enhancing nutrient acquisition from the
rhizosphere [17]. Most of the evidence has come from the
growth of plants in hydroponic culture where under nutri-
ent deficiency roots release greater quantity of organic acid
anions into the external medium [18]. Decomposition of
organic residue released different types of organic acids,
which act as a mobilizer of soil native P. The oxalic acid
secreted by wheat crop as well as the acid that is produced
during the decomposition of organic residue convert the
inorganic phosphorus to plant available P in soil solution
and enhance the P uptake in crop plants [19]. However, the
importance of the chelating ability of organic acids in
comparison to their acidifying ability is still under debate
Table 2 Secretion of oxalic acid content (lg/g) by wheat varieties affected by different levels of organic residue
Variety Organic residue (t/ha) Mean
0 5 10
HD 2687 2.28 8.19 8.79 6.42
HD 2733 2.76 5.46 5.88 4.71
HD 2643 2.01 3.03 6.96 3.99
HD 2932 1.35 4.29 4.59 3.42
HD 2894 4.32 7.02 8.22 6.51
Mean 2.54 5.59 6.78
LSD (p \ 0.05) Variety = 2.58 Organic residue = 2.01 Variety 9 Organic residue = 4.47
SEd 1.30 1.01 2.26
Table 3 Secretion of oxalic acid content (lg/g) by different varieties of wheat at different time interval as affected by different level of organic
residue
DAS Organic residue (t/ha) Mean
0 5 10
30 3.45 7.29 6.57 5.76
45 4.56 3.21 6.93 4.89
60 5.97 3.78 5.97 5.25
75 1.41 3.36 7.59 4.14
Mean 3.84 4.41 6.78
LSD (p \ 0.05) DAS = NS Organic residue = 2.01 DAS 9 Organic residue = 3.03
SEd – 1.01 1.53
Table 4 Secretion of oxalic acid content (lg/g) by different varieties of wheat at different intervals
Variety DAS Mean
30 45 60 75
HD 2687 6.21 6.72 9.21 3.54 6.42
HD 2733 8.10 3.66 3.63 3.39 4.70
HD 2643 2.04 5.58 4.80 3.57 4.00
HD 2932 4.41 1.98 4.14 3.12 3.41
HD 2894 8.13 6.54 4.44 6.99 6.53
Mean 5.76 4.89 5.25 4.14
LSD (p \ 0.05) Variety = 2.58 DAS = NS Variety 9 DAS = 3.99
SEd 1.30 – 2.01
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[20]. Citrate is usually considered as the most powerful
organic anions, next to oxalate ions [16] and malate ions
[21]. In the present study, the different varieties also dif-
fered significantly in their P uptake. Maximum P uptake
was recorded in case of variety HD 2894 and minimum in
case of variety HD 2687, whereas variety HD 2643 and
variety HD 2932 were statistically at par. The interaction
effect between organic residue levels and varieties for P
uptake was also significant. Maximum P uptake
(39.1 kg P/ha) was recorded in case of 10 t/ha organic
residue with variety HD 2894 and minimum (17.2 kg P/ha)
in case of 0 t/ha organic residue with variety HD 2643. It
has been reported that phosphorus uptake depends upon the
genetic potential of the varieties [16] as well as concen-
tration of phosphorus in solution [22–24].
In conclusion, the present results suggest that the
phosphorus uptake could be enhanced by the combined
application of byproduct of sugar industries i.e., press mud
and bagasse in combination with rice straw, along with P
fertilizers to increase the P uptake and there by crop yield.
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